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The prevalence of type 1 diabetes (T1D) is increasing worldwide. T1D reduces life expectancy due to complications including 
cardiovascular disease. Sodium–glucose co-transporter (SGLT) inhibitors are a new class of drugs developed to treat type 2 diabetes 
(T2D), and now they can be used as an adjunct to insulin in T1D. In clinical trials, they have been shown to improve glycaemic control 

and decrease body weight without the risk of increased hypoglycaemia and with a reduction in insulin dose. Four SGLT2 inhibitors have 
been approved in Europe for the treatment of T2D, while only dapagliflozin and sotagliflozin, a dual SGLT1 and SGLT2 inhibitor approved 
in 2019, have been approved for the treatment of T1D. Both can be used as an adjunct therapy in combination with insulin in adults with 
a body mass index (BMI) of ≥27 kg/m2, inadequately controlled with insulin. In Europe, dapagliflozin is the only currently available SGLT2 
inhibitor indcated as adjunct therapy for patients with T1D. The subgroup of patients with a BMI of ≥27 kg/m2 from the DEPICT-1 and -2 trials 
(Dapagliflozin Evaluation in Patients with Inadequately Controlled Type 1 diabetes) showed similar reduction in hyperglycaemia and body 
weight but no significant increased risk of diabetic ketoacidosis (DKA) than the overall trial population. The risk of DKA has been shown 
to increase in patients with T1D treated with adjunct therapy with SGLT2 inhibitors, and studies on sotagliflozin and empagliflozin have 
suggested a dose response. Thus, it is important to educate patients and doctors how to recognize symptoms of upcoming DKA and mitigate 
it. An independent DKA education programme has recently been developed to instruct patients with T1D being treated with SGLT inhibitor 
therapies with and without insulin pumps to prevent, identify and treat DKA. Despite these considerations, clinical trials support the use of 
SGLT2 inhibitors in the management of T1D. The benefits and potential risks of dapagliflozin as an adjunct therapy to insulin in adults with T1D 
should be considered in each individual case. Here we discuss the efficacy and safety of dapagliflozin as adjunct therapy in patients with T1D.
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The prevalence of diabetes type 1 (T1D) and type 2 (T2D) is increasing 

worldwide; the number of people with diabetes was 463 million in 

2019, but it is estimated to reach 700 million by 2045.1 The incidence 

of T1D is increasing in most countries.1 Age- and sex-standardized 

incidence rates from 1998 to 2013 (up to 25 years) from 26 European 

centres (European Diabetes [EURODIAB] registry) in 22 countries have 

been published. Individuals were aged 0–14 years and had been 

newly diagnosed with T1D. Incidence increased significantly in all 

centres (except for those in Ireland and Marche, Italy). Poland reported 

the highest increase (6.6% per year). The pooled analysis from all 

centres indicated a 3.4% (95% confidence interval [CI]: 2.8–3.9%) rise 

in incidence rate annually, although some centres in high-incidence 

countries reported reduced rates of increase in the last few years.2 

Data from the Swedish Childhood Diabetes Register indicated that the 

yearly incidence of T1D showed a greater increase in younger people 

compared with older age groups.3 

Despite the benefits of improved glycaemic control in T1D, many 

patients are unable to achieve or maintain glycaemic targets. 

However, to reduce the treatment burden associated with intensive 

insulin therapy, adjunctive therapies to T1D have been evaluated.  

Sodium–glucose co-transporter-2 (SGLT2) inhibitors are a new class of 

oral therapy for T2D that have been more recently evaluated in T1D 

as well. Phase III trials with dapagliflozin in the DEPICT (Dapagliflozin 

Evaluation in Patients with Inadequately Controlled Type 1 diabetes) 

trials, empagliflozin in the EASE (Empagliflozin as Adjunctive to inSulin 

thErapy) trial, and sotagliflozin (a dual SGLT1 and SGLT2 inhibitor) in the 

inTandem trials (in combination with insulin) have been performed in 

adults with T1D.4–8

Unmet needs in type 1 diabetes
The main unmet needs in T1D therapy include reduction of glycated 

haemoglobin (HbA1c) without increasing hypoglycaemia event rate, 

reduction of glucose variability,9 reduction of excess body weight, 

lowering acute and long-term diabetic complications and mortality.10,11

Insufficient glycaemic control
An assessment of glycaemic control in people with T1D from 18 countries 

(n=324,501) found a considerable variation. For example, in those aged 

≥25 years old, only 20.5–53.6% had an HbA1c of <9.4% (58.5 mmol/mol).12 

Similarly, data from 25,833 adults and children, collected by the T1D 

Exchange Clinical Registry in the USA, showed that, on average, HbA1c 

was 8.3% (67.2 mmol/mol), with the highest HbA1c seen in those aged 

13–25 years.13 European data from Sweden and Denmark indicate slightly 

lower average HbA1c levels than in the USA, but a significant proportion 

of patients are still missing their individual goals. In Sweden, the youngest 

patients (18–21 years) with T1D reported the highest HbA1c levels, but 

although this value increased from 2009 to 2012 from 8.3% to 8.5%  

(67.4 mmol/mol to 69.1 mmol/mol) it decreased in 2013 to 8.3%  

(67.6 mmol/mol).14 A study from France found that 24.3% of 3,858 

patients with T1D in the SAGE (Study of Adults’ Glycemia in T1D) trial 

achieved the target of <7.0% HbA1c (53.0 mmol/mol), with the average 

being 8.0% (63.4 mmol/mol).15

Unacceptable high risk of hypoglycaemia
Hypoglycaemia, particularly severe hypoglycaemia, and its consequences 

are one of the most limiting factors to improve glycaemic control in T1D. 

This is a major acute complication of T1D that can cause seizures and 

loss of consciousness. Severe hypoglycaemia is relatively common in 

patients with T1D, occurring in 11.8% of adults in the USA T1D Exchange 

Clinical Register (12-month frequency); this increases with rising and 

lowering HbA1c levels.16 However, severe hypoglycaemia has also not 

been associated with increased risk of both cardiovascular disease nor 

mortality in subjects with T1D.17

As mentioned previously, glucose variability over time may better 

predict hypoglycaemia in patients with diabetes than HbA1c levels.18,19 

In a recent study, Gerbaud et al. showed that glycaemic variability 

above 2.7 mmol/L (48.7 mg/dL) was the strongest independent 

predictor for mid-term major adverse cardiovascular events (MACE) 

in people with diabetes and acute coronary syndrome.20 In addition, 

a 2016 study in 1,706 adolescents with T1D showed that glycaemic 

variation was associated with retinopathy, albuminuria, and cardiac 

autonomic neuropathy.21 Data from France in patients with T1D 

demonstrated that, compared with mean glucose level, short-term 

glycaemic variability results in more hypoglycaemia than glucose alone 

when the glucose threshold is 3.0 mmol/L (54 mg/dL).22 Recently, an 

international consensus report on continuous glucose monitoring gave 

guidance for time in range as a metric of glycaemic control, providing 

more actionable information than HbA1c alone.23

Excessive weight gain with intensive insulin therapy 
Weight gain commonly occurs with intensive insulin therapy over time 

and is a considerable problem in patients with T1D; in many cases it is 

associated with high blood pressure and some lipid abnormalities.10,11  In 

the Pittsburgh Epidemiology of Diabetes Complications study, patients 

were initially assessed between 2004 and 2007 and followed for 18 years. 

After 18 years, there was a 47.0% increase in patients with T1D becoming 

overweight and a seven-fold increase in obesity versus baseline.10 

Prevention of cardiovascular complications in  
type 1 diabetes
Cardiovascular complications in T1D were evaluated in the Diabetes 

Control and Complications Trial (DCCT) and Epidemiology of Diabetes 

Interventions and Complications (EDIC) study. Intensive insulin 

treatment reduced the number of any cardiovascular events compared 

with conventional treatment (46 events in 31 patients versus 98 events 

in 52 patients, respectively; p=0.02) but weight increased with intensive 

treatment.10,24 An assessment of quartiles of weight gain in the two 

treatment groups indicated that the intensive treatment group had 

higher proportional weight gain (body mass index [BMI] medium change  

6.1 kg/m2). In addition, patients on intensive treatment had an 

increased use of drugs for both hypertension and lipids compared 

with quartiles 1–3 and the equivalent conventional treatment quartiles. 

Despite this, during the follow-up of 26 years, the incidence of major 

and total cardiovascular events was similar.25 Nevertheless, those who 

gained excessive weight in EDIC (Q4 intensive treatment group) had a 

revascularization rate that was nearly twice as high compared with the 

Q1–3 INT (minimal weight gain) groups. Thus, excessive weight gain in 

T1D is associated with higher event rates indicative of atherosclerosis, 

albeit not MACE.24

Some phenotypes and age at diagnosis of patients with T1D may be 

linked to an increased risk of cardiovascular events.26 Lithovius et al. 

suggested that data-driven metabolic subtypes can predict outcomes 

in patients with T1D. In particular, the metabolic syndrome subtype is 

predictive of cardiovascular death (standard metabolic rate: 11.0 in men 

and 23.4 in women; p<0.001).27 Furthermore, findings from the Swedish 

National Diabetes Register indicated that cardiovascular outcomes and 

survival can be predicted by age at onset of T1D, with the greatest excess 

risk occurring in women. Thus, cardio-protection should be considered in 

all age groups, but particularly in early onset T1D.28
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Further reduction of microvascular complications
Results from the DCCT and EDIC study comparing intensive insulin 

treatment (≥3 daily insulin injections or using an insulin pump) 

with conventional therapy demonstrated that the onset of diabetic 

retinopathy was delayed, progression slowed and the cumulative 

incidence of persistent microalbuminuria was reduced in the intensive 

treatment groups.29,30 In the DCCT, patients who had a higher estimated 

time in range (70–180 mg/dL, 3.9–10 mmol/L) had a lower frequency of 

microvascular complications.31 

Reduced life expectancy in type 1 diabetes
A prospective study of 24,691 people with T1D aged ≥20 years 

evaluated life expectancy compared with a control group.32 In men 

with T1D at 20 years of age, life expectancy was reduced by 11.1 years  

(95% CI: 10.1–12.1), while in women the estimated loss was 12.9 years 

(95% CI: 11.7–14.1). Ischaemic heart disease accounted for the largest 

overall percentage reduction in life expectancy (36% and 31% in men 

and women, respectively) while diabetic coma or diabetic ketoacidosis 

(DKA) represented the highest percentage before the age of 50 years  

(29.4% in men and 21.7% in women).31

Sodium–glucose co-transporter inhibitors in the 
treatment of diabetes
SGLT1 and SGLT2 are responsible for glucose re-absorption at different 

tissues. This occurs in the proximal tubules of the kidneys (for SGLT2 

and to a lesser degree SGLT1) and small intestine (mainly SGLT1).33 

Generally, SGLT2 re-absorbs approximately 90% of filtered glucose by 

active transport.34 Further along the proximal tubule in segments 2–3, the 

remaining 10% of filtered glucose is re-absorbed by SGLT1. Expression of 

SGLT2 is very low in other tissues, whereas SGLT1 is expressed in many 

tissues including the small intestine, skeletal muscle, liver, lung, kidney 

and heart.32

Inhibition of SGLT2 transporters results in increased glucosuria and 

natriuresis, with reduction in HbA1c, body weight and blood pressure.35 

Inhibition of SGLT1 transporters is associated with blunted intestinal 

glucose absorption and decreased postprandial hyperglycaemia.32–34 

Currently, four SGLT2 inhibitors are approved in Europe for the treatment 

of T2D: dapagliflozin, canagliflozin, empagliflozin and ertugliflozin. As 

mentioned previously, dapagliflozin 5 mg received a positive Committee 

for Medicinal Products for Human Use (CHMP) opinion and was approved 

for adjunct therapy in combination with insulin in the EU (for adults with 

a BMI of ≥27 kg/m2) and Japan in 2019 for T1D. Sotagliflozin, a dual SGLT2 

and SGLT1 inhibitor, was approved in the EU in April 2019 (for adults with 

a BMI of ≥27 kg/m2).36,37 In patients with T2D, SGLT2 inhibitors reduce 

HbA1c, fasting and postprandial blood glucose levels, body weight and 

blood pressure, and have also been shown to improve cardiovascular 

and renal outcomes. These effects are related to increasing urine 

glucose excretion, which results in lowering of blood glucose without 

raising the risk of hypoglycaemia independently of the remaining insulin 

secretion.38,39 In patients with T1D, they reduce HbA1c, body weight and 

blood pressure. Data from the DEPICT trials have shown that those with 

a BMI of ≥27 kg/m2 benefit most, with a better benefit–risk ratio from 

treatment with dapagliflozin (see benefit–risk analysis in the subgroup of 

patients with a BMI of ≥27 kg/m2 in DEPICT-1 and -2).40 

Focusing on dapagliflozin, a real-world study of patients with T2D has 

shown efficacy both as monotherapy and in combination with other 

oral anti-diabetes therapies and insulin.41 In T2D, it is administered as a  

10 mg dose, except in those with hepatic impairment where a 5 mg 

dose should be considered. A number of meta-analyses of randomized, 

controlled trials have evaluated the efficacy of dapagliflozin in 

approximately 4,000 patients with T2D. These meta-analyses indicate 

that the drug improves HbA1c by an average of 0.5%, fasting glucose by  

1.1 mmol/L (19.8 mg/dL), reduces weight by 2.0 kg or 4.5 kg (in 

combination with metformin and a sulphonylurea) and improves  

systolic/diastolic blood pressure by 4/2 mmHg over 24–52 weeks.42 

The benefits in cardiovascular outcome and renal function seen for 

SGLT2 inhibitors in T2D have not been studied in T1D, but since many 

of the benefits are seen in patients without prevalent cardiovascular 

disease, it cannot be ruled out that they may also benefit patients 

with T1D. The DECLARE TIMI-58 (Dapagliflozin Effect on Cardiovascular 

Events) clinical trial enrolled 17,160 patients with T2D and established 

atherosclerotic cardiovascular disease or who had multiple risk factors 

for atherosclerotic cardiovascular disease. Treatment with dapagliflozin 

resulted in a lower rate of cardiovascular death or hospitalization for 

heart failure versus placebo (4.9% versus 5.8%; hazard ratio [HR]: 0.83; 

95% CI: 0.73–0.95; p=0.005). The cumulative incidence of the renal 

composite outcome was reduced in the dapagliflozin group versus 

placebo. A renal event was recorded in 4.3% of patients treated with 

dapagliflozin compared with 5.6% in the placebo group (HR: 0.76; 95% 

CI: 0.67–0.87).43 Dapagliflozin lowered the risk of end-stage renal disease 

or renal death (p=0.012) and cardiorenal and renal-specific composite 

endpoints were improved compared with placebo.44 Dapagliflozin has 

also been associated with much improved health-related quality of life 

(EQ-5D) scores that persisted for 102 weeks.41

Dapagliflozin for the treatment of type 1 
diabetes – The DEPICT studies
Dapagliflozin has been evaluated in patients with T1D in the extensive, 

long-term phase III DEPICT clinical trial programme.4,5,45,46

Clinical benefits of dapagliflozin as adjunctive 
therapy in type 1 diabetes
The DEPICT-1 and DEPICT-2 clinical trials had a similar design and 

differed only in different geographical patient populations. These trials 

evaluated the efficacy and safety of dapagliflozin (either 5 mg or 10 mg) 

versus placebo as add-on to insulin in patients with T1D over 24 weeks 

followed by a 28-week extension period.4,5 These were double-blind, 

randomized, parallel-controlled, three-arm studies with patients 

(n=833 and n=813 in DEPICT-1 and -2, respectively) aged 18–75 years 

with inadequately controlled T1D who had received insulin for at least  

12 months.4,5 Patients treated with dapagliflozin (either 5 mg or 10 mg) 

plus insulin showed significant improvement in adjusted mean change 

in HbA1c from baseline by -0.40% and -0.43% compared with placebo 

after 24 weeks, respectively (pooled data from DEPICT-1 and -2) 

(Figure 1).4,5 After 52 weeks, the effect was numerically smaller (-0.26 and 

-0.30% for dapagliflozin 5 mg and 10 mg, respectively).47,48 The proportion 

of patients with a ≥0.5% reduction in HbA1c in the absence of severe 

hypoglycaemia, was significantly increased with dapagliflozin versus 

placebo at 24 weeks.4,5,47 This is important since the improvement in 

HbA1c did not increase the rate of hypoglycaemia in the DEPICT trials in 

contrast with increased hypoglycaemia with intensive insulin therapy as 

shown in the DCCT trial.49

In addition, time in range improved with both doses of dapagliflozin at 

12 and 24 weeks (Figure 2)46 but without increasing time below range. 

Similarly, there was a reduction in adjusted mean percent change in total 

body weight after 24 and 52 weeks (DEPICT-1 and DEPICT-2 p<0.0001 for 

both doses versus placebo), and this effect was consistent over time.4,5 In 

DEPICT-1 total daily insulin dose was also significantly reduced by 8.8%  
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(95% CI: -12.6 to -4.9; p<0.0001) and -13.2% (95% CI: -16.8 to -9.4; p<0.0001) 

for dapagliflozin 5 mg and 10 mg versus placebo, respectively, after 24 weeks.  

Mean difference in daily insulin dose per kg body weight at week 24 was  

-5.5% (95% CI: -9.2 to -1.6; p=0.0064) and -9.8% (95% CI: -13.4 to -6.1; p<0.0001) 

for dapagliflozin 5 mg and 10 mg, respectively. Basal and bolus doses of  

insulin were decreased similarly to daily doses. Basal doses were -11.6%, 

(standard error [SE]: 1.3), -13.7% (SE: 1.3) and -0.6% (SE: 1.5) adjusted mean 

changes from baseline after 24 weeks for dapagliflozin 5 mg, 10 mg and 

placebo, respectively. Bolus doses were -14.3% (2.1), -18.0% (2.1) and -4.6% 

(2.4), respectively.4,50 Similar reductions in insulin doses were observed at 

52 weeks.51

In DEPICT-2 at week 24, the total daily insulin dose was reduced by both 

doses of dapagliflozin respectively (-13.7, -7.7 and -14.0, -8.0; p<0.0001 

for both comparisons). These reductions were seen within the first  

2 weeks and continued over the course of the study. Basal insulin 

adjusted mean changes were -11.2% (SE: 1.5), -16.7% (SE: 1.4) and 1.5% 

(SE: 1.7) for 5 mg, 10 mg dapagliflozin and placebo, respectively. Results 

for bolus insulin were similar (-11.6% [SE: 2.0], -8.3% [SE: 2.1] and -2.6% 

[SE: 2.2], respectively).5

Continuous glucose monitoring from DEPICT-1 and 
DEPICT-2 pooled data set
Twenty-four–hour mean interstitial glucose was reduced with 

dapagliflozin treatment but not with placebo treatment. Time in range 

was increased with both dapagliflozin doses at 12 and 24 weeks but 

in the placebo group it was slightly reduced. At week 24, the adjusted 

mean (SE) change from baseline was +6.5% (0.6), +8.1% (0.6) and -2.6% 

(0.6) for dapagliflozin 5 mg, 10 mg and placebo, respectively. Mean time 

in target range expressed as the percentage of readings (standard 

deviation) was 51.7% (14.5%) and 53.9% (13.3%) for dapagliflozin 5 mg 

and 10 mg, respectively, and 43.1% (14.0%) for placebo. At week 24, 

Figure 1: DEPICT-1 and -2 primary endpoints, adjusted mean change in HbA1c at 24 weeks4,5

Figure 2: Glucose time in range, hyperglycaemia and hypoglycaemia in the DEPICT-1 and -2 pooled continuous glucose 
monitoring46
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the 24-hour glucose reading (hours) for time below range (≤3.9 mmol/L  

[≤70 mg/dL]) was 4.9% (5.0%), 5.1% (4.4%) and 4.8% (4.7%) for dapagliflozin  

5 mg, 10 mg and placebo, respectively. Time above range (>10 mmol/L  

[>180 mg/dL]) was 43.5% (10.4%), 41.0% (10.0%) and 52.1% (12.5%) 

for dapagliflozin 5 mg, 10 mg and placebo, respectively. Mean 

postprandial glucose values were also decreased in patients 

receiving dapagliflozin treatment. Regarding glycaemic variability, 

the adjusted mean change in mean amplitude of glucose 

excursion from baseline was reduced by both dapagliflozin doses 

at 12 and 24 weeks, being at week 24, -0.7 mmol/L (-12.5 mg/dL),  

-0.7 mmol/L (-13.1 mg/dL) and 0.1 mmol/L (0.9 mg/dL) for dapagliflozin  

5 mg, 10 mg and placebo, respectively.9

Safety of dapagliflozin in type 1 diabetes 
Results from DEPICT-1 indicated that dapagliflozin was generally well 

tolerated with six individuals (2.0%) in the dapagliflozin 5 mg group, 

eight (3.0%) in the 10 mg group and nine (3.0%) in the placebo group 

discontinuing due to adverse events. One or more serious adverse 

events was recorded in 19 (7.0%), 24 (8.0%) and 15 (6.0%) patients 

treated with dapagliflozin 5 mg, 10 mg and placebo, respectively. Severe 

hypoglycaemia was similar between groups occurring in 8.0%, 6.0% and 

7.0% in patients treated with dapagliflozin 5 mg, 10 mg and placebo, 

respectively.4 After 24 weeks, genital infections occurred more frequently 

in dapagliflozin-treated patients compared with placebo and were more 

common in women; for dapagliflozin 5 mg, 25 of 158 women (16%) versus 

9 of 119 men (7.6%); for 10 mg, 23 of 144 women (16.0%) versus 10 of 

152 men (6.6%); and for placebo 7 of 128 women (5.5%) versus none 

in 132 men. There were no reports of serious genital infection adverse 

events.4 Similarly, after 52 weeks, genital infections were reported more 

often in women than men (21.5% versus 7.6%, 18.8% versus 8.6% and 

6.3% versus 0%, for women versus men in the dapagliflozin 5 mg, 10 mg 

and placebo groups, respectively).50

In DEPICT-2, ≥1 serious adverse event were seen in 18 (6.6%) 

patients treated with dapagliflozin 5 mg, seven (2.6%) patients 

treated with dapagliflozin 10 mg and five (1.8%) treated with placebo. 

Furthermore, 17 (6.3%) in the dapagliflozin 5 mg group, 12 (4.4%) 

in the 10 mg group and 11 (4.0%) in the placebo group discontinued 

due to adverse events. In each treatment group a similar proportion 

of patients had hypoglycaemia (82.3%, 85.6% and 86.0% in patients 

receiving 5 mg, 10 mg dapagliflozin and placebo, respectively) and 

severe hypoglycaemia (6.3%, 8.5% and 7.7% in patients receiving  

5 mg, 10 mg dapagliflozin and placebo, respectively).5 As in DEPICT-1, 

genital infections were more frequent in the treatment groups than 

placebo and were similar with both doses of dapagliflozin. They occurred 

in 15.7% versus 2.5%, 12.8% versus 1.7% and 3.3% versus none in the 

5 mg, 10 mg dapagliflozin and placebo groups, respectively, for women 

versus men after 24 weeks. No patients had serious genital infections.5

DKA is a major acute diabetes complication that is linked to 

premature death in patients with T1D. In the DEPICT-1 and -2 trials, 

an independent adjudication committee evaluated all potential  

DKA events. During the randomized period and follow-up, definite 

adjudicated DKA events occurred more frequently in those receiving  

5 mg or 10 mg dapagliflozin than in the placebo groups (Table 1).4,45 

In DEPICT-1, an interactive voice response system error resulted in 

a randomization error affecting the first 55 patients and these were  

excluded from the efficacy analysis set, but included in the safety 

analysis set, 14 of these patients were non-randomly allocated to the  

dapagliflozin 5 mg group. However, in DEPICT-1 and -2, the subgroup of 

patients with a BMI of ≥27 kg/m2 had fewer definite DKA events than 

the overall population and the benefit–risk profile is enhanced in these 

patients.39 This is discussed further in the next section.

Benefit–risk analysis in the subgroup of patients 
with body mass index ≥27 kg/m2 in DEPICT-1 and -2 
In DEPICT-1 and -2, after 52 weeks of treatment in the subgroup of 

patients with a BMI ≥27 kg/m2, efficacy was comparable to that in the 

overall population.39 In the total population, the proportions of patients 

who experienced definite DKA events during the study were 4.0% and 

1.1% in patients treated with dapagliflozin 5 mg or placebo, respectively, 

while the incidence of DKA was 4.6 and 1.3 per 100 patient years  

(Figure 3).39,40 However, in patients with a BMI ≥27 kg/m2, the proportion 

with DKA was 1.8% and 1.0% and incidence rates were 1.9 and 1.2 per 

100 patient years in those treated with 5 mg dapagliflozin or placebo, 

respectively. In addition, patients with a BMI ≥27 kg/m2 treated with 

dapagliflozin experienced more time in range compared with those treated 

with placebo (Figure 4)40 and a higher proportion achieved a reduction 

in HbA1c ≥0.5% without experiencing hypoglycaemia (Figure 5).40 

Thus, this post-hoc analysis suggests that the benefit–risk is enhanced in 

patients with a BMI ≥27 kg/m2 treated with dapagliflozin 5 mg compared 

with the complete DEPICT population.39 

Background risk of diabetic ketoacidosis in  
type 1 diabetes
The frequency of DKA was assessed in the USA T1D Exchange Clinical 

Registry in people aged 26–93 years with T1D, and showed that 4.8% of 

6,796 participants experienced one or more DKA events in 12 months.16 

Furthermore, information from 25,833 adults and children recorded in 

this registry indicated that DKA occurred in 8.0% of patients with diabetes 

in a year.13 A recent study from the Diabetes Prospective Follow-up 

Registry, including 46,966 patients (average age 38.5 years [median 21.2]), 

Table 1: Frequency of diabetic ketoacidosis in clinical trials 
of SGLT2 inhibitors4–7 

Trial Drug N DKA 

frequency 

(%)

Dose

(mg)

DEPICT-1 Dapagliflozin 833 1.0 5

2.0 10

1.0 Placebo

DEPICT-2 Dapagliflozin 813 2.6 5

2.2 10

0.0 Placebo

DEPICT-1, -2 pooled 

total population

Dapagliflozin 1,646 4.0 5

1.1 10

1.1 Placebo

DEPICT-1, -2 pooled, 

BMI ≥27 kg/m2 

Dapagliflozin 561 1.8 5

1.0 Placebo

inTandem3 Sotagliflozin 1,402 3.0 400

0.6 Placebo

EASE-1,2,3 Empagliflozin 1,707 4.3 10

3.3 25

0.8 2.5

1.2 Placebo

BMI = body mass index; DEPICT = Dapagliflozin Evaluation in Patients with 
Inadequately Controlled Type 1 diabetes; DKA = diabetic ketoacidosis;  
inTandem = as adjunct to insulin; EASE = Empagliflozin as Adjunctive to inSulin 
therapy; SGLT2 = sodium–glucose co-transporter-2.
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found, on average, 2.5 DKA-related hospital admissions per 100 patient 

years (95% CI: 2.1–3.0). The rate was highest in patients aged 18–30 years 

(4.03/100 patient years) and gradually declined with increasing age.52  

No meaningful improvements in the frequency of DKA have been 

achieved over the last decade despite improvement in insulin therapy. 

Insulin is the mainstay of treatment for T1D. If there is an insulin deficit, 

excess ketone body formation ensues and DKA may occur. There is thus 

an urgent need for in-depth education to prevent DKA. 

Potential cardiovascular and renal benefits of 
dapagliflozin in type 1 diabetes
SGLT2 inhibitors have a beneficial effect on MACE in patients with 

T2D.53 Overall, a meta-analysis of EMPA-REG OUTCOME, CANVAS and 

DECLARE trials showed an 11.0% reduction in MACE (p=0.0014).54 It is 

known that patients with T1D have an increased risk of hospitalization 

for heart failure.54 SGLT2 inhibitors reduce the risk for hospitalization for 

heart failure, cardiovascular mortality and progression to chronic kidney 

disease in patients with T2D.55 T1D is also associated with microvascular 

complications, but the onset and progression of retinopathy is delayed in 

patients who have better glycaemic control.28

Effect of adding dapagliflozin on urinary  
albumin-to-creatinine ratio from DEPICT-1 and 
DEPICT-2 pooled data set over 52 weeks
Patients with T1D also have a high risk of end stage renal disease 

despite the use of renoprotective treatment.56 In patients with 

albuminuria at baseline (≥30 mg/g), adjusted mean change in HbA1c 

levels, systolic blood pressure, urinary albumin-to-creatinine ratio and 

estimated glomerular filtration rate were improved in those treated with 

dapagliflozin compared with placebo. The difference versus placebo 

in urinary albumin-to-creatinine ratio was -13.3 and -31.1 mg/g with 

dapagliflozin 5 mg and 10 mg, respectively.55

Dapagliflozin – patient selection and education
Reductions in HbA1c, weight and blood pressure are similar among the 

different SGLT2 inhibitors evaluated in patients with T1D (dapagliflozin, 

empagliflozin and sotagliflozin [a dual SGLT1 and SGLT2 inhibitor]).57 

All studies reported that the therapies can slightly increase the risk 

of DKA in clinical trial settings (Table 1). In the inTandem3 trial of 

Figure 4: Subgroup analysis of patients with body mass 
index ≥27 kg/m2

Figure 5: Subgroup analysis of patients with body mass 
index ≥27 kg/m2 
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(95% CI: 2.39–5.21)

p<0.0001*
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DAPA 5 mg + insulin (n=272)

Placebo + insulin (n=289)

Week 24

More time in glycaemic range without increasing time in hypoglycaemia at 24 weeks 
DEPICT-1 and -2.39

Mixed model: change from baseline = baseline treatment study week stratum 
week, treatment week, baseline subgroup treatment, subgroup week, subgroup and 
treatment, week, subgroup (stratum includes one term for each combination of all 
stratification factors).
DAPA = dapagliflozin; DEPICT = Dapagliflozin Evaluation in Patients with Inadequately 
Controlled Type 1 diabetes.
Reproduced with permission from Mathieu et al., 2019.40 Copyright Elsevier 2019.

A higher proportion of patients achieved a reduction in HbA1c ≥0.5% without 
experiencing severe hypoglycaemia at 24 weeks DEPICT-1 and -2.39

*Nominal p-value: logistic regression adjusted for baseline HbA1c study and 
randomization strata.
CI = confidence interval; DAPA = dapagliflozin; DEPICT = Dapagliflozin Evaluation in 
Patients with Inadequately Controlled Type 1 diabetes; HbA1c = glycated haemoglobin.
Reproduced with permission from Mathieu et al., 2019.40 Copyright Elsevier 2019.

Figure 3: Definite diabetic ketoacidosis reduced in the 
subgroup of patients with body mass index ≥27 kg/m2 at 
week 52 DEPICT-1 and -239
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sotagliflozin, patients had no episodes of severe hypoglycaemia, and 

the rate of documented hypoglycaemia was similar in the sotagliflozin 

and placebo groups. DKA occurred more often in the sotagliflozin 

group.7,8 Results from the inTandem1 and -2 were similar. The  

EASE-1,2,3 trials evaluated empagliflozin as adjunctive to insulin 

therapy in patients with T1D and showed reductions in HbA1c, weight, 

total daily insulin dose and systolic blood pressure. Adjudicated DKA 

was more frequently observed with empagliflozin, at 4.3%, 3.3%, 

0.8% and 1.2% with 10 mg, 25 mg, 2.5 mg and placebo, respectively, 

indicating that lower doses are associated with a decreased risk  

of DKA.6

A consensus report published in 2019 gave recommendations for 

improving the safety of SGLT2 inhibitors in people with T1D, such as 

reducing with caution initial insulin doses, not stopping insulin in any 

patient, measurement of blood or urine ketones when necessary, 

and improvement in patient and clinician education with respect to 

preventing ketosis episodes.56 The European Medicine Agency reviewed 

the consensus statement and executed an expert hearing during the 

approval process. Both were brought together and combined into the 

final summary of product characteristics for dapagliflozin in T1D with 

the recommended dose being 5 mg per day.58

According to the European label, dapagliflozin 5 mg should only be 

administered for the treatment of T1D to adult patients whose BMI 

is ≥27 kg/m2 when there is inadequate glycaemic control despite 

optimal insulin therapy. Before starting treatment, the benefits should 

be weighed against the risks, particularly of DKA, in each patient. A 

risk mitigation plan has been developed for DKA.59 Before initiating 

dapagliflozin, the doctor should assess risk factors that could 

predispose the patient to DKA and educate them to recognize the 

characteristic signs of ketosis and know how and when to monitor 

blood ketones. The patient must be able and willing to monitor ketone 

levels, have access to both testing materials and a clinician when 

raised levels are identified (Figure 6).56 

When using SGLT2 inhibitors, DKA may be difficult to diagnose as people 

can have normal blood glucose levels or merely mild hyperglycaemia. 

Insulin therapy should be optimized during dapagliflozin treatment 

to prevent DKA, and glucose monitoring must be supplemented by 

ketone monitoring when necessary.58 An independent DKA education 

programme has recently been developed to educate patients with T1D 

treated with and without both insulin pumps and SGLT2 inhibitor therapy. 

It is currently available in English and German but will be translated into 

other languages.60

Discussion 
T1D is a lifelong condition that causes an 11–13 year reduction in 

life expectancy due to acute metabolic complications in younger 

individuals and cardiovascular disease in older individuals.31  

SGLT2 inhibitors have been shown to be effective in both T2D and 

T1D. SGLT inhibitors in people with T1D improve glycaemic control 

and weight while reducing insulin doses without increasing the risk 

of hypoglycaemia.61

Figure 6: Ketone monitoring levels and action required56

Blood ketone (BHB) level Urine ketone* Remedial actions

>3.0 mmol/L (probable DKA) Large to very large Seek immediate medical attention

1.6–3.0 mmol/L
(impending DKA) Moderate

• Follow treatment recommendations listed below
• Consider seeking immediate medical attention

0.6–1.5 mmol/L
(ketonaemia) Trace or small

Treat as follows or per clinician instructions:
• Ingest 15–30 g rapidly absorbed carbohydrate and
   maintain �uid consumption (300–500 mL) hourly
• Administer rapid-acting insulin based on carbohydrate 
   intake (hourly)  
• Check blood/urine ketones (every 3–4 hours) until resolution
• Check blood glucose frequently to avoid hyperglycaemia
   and hypoglycaemia
• Seek medical attention if levels persist
   and symptoms present

<0.6 mmol/L (normal) Negative No action needed

Sick day Signs of DKA

Measure ketone levels

!
HIGH KETONES

LOW KETONES

It is important to have blood ketone analysis available for the patients on SGLT2 inhibitors when treating type 1 diabetes with adjunctive SGLT2 inhibitors to multiple daily insulin 
injections or continuous subcutaneous insulin infusions. 
*Urine ketone concentrations are dependent on hydration and other factors; these values do not closely correlate with blood BHB levels. 
BHB = β-hydroxybutyrate; DKA = diabetic ketoacidosis; SGLT2 = sodium–glucose co-transporter-2.
Reproduced with permission from Danne et al., 2019.56 Copyright Elsevier 2019.
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Several serious unmet needs remain in the treatment of T1D, notably 

insufficient glycaemic control, increasing weight and higher risk of 

hypoglycaemic events. Dapagliflozin treatment addresses these unmet 

needs. Glycaemic variability is often associated with hypoglycaemia, 

especially severe hypoglycaemia, which may have detrimental long-term 

consequences. The reduction in glycaemic variability with dapagliflozin 

may diminish the risk of hypoglycaemia and may allow a more predictable 

insulin dosing. There is a known background risk of DKA in people with 

T1D. Despite SGLT inhibitors slightly increasing this risk of DKA, with 

appropriate diabetes education this risk is manageable.

Findings from the DCCT and EDIC studies indicate that intensive insulin 

treatment reduced the number of any cardiovascular events compared 

with conventional treatment. More recent studies have also shown that 

the risk of all-cause death and cardiovascular death is strongly linked 

to high HbA1c levels.62 The follow-up study to the DCCT and EDIC study, 

showed that the long-term benefit of intensive insulin treatment on 

reducing cardiovascular events was not seen in those who gained the 

most weight.24 The DCCT also demonstrated the importance of glycaemic 

control on preventing microvascular outcomes.63 In particular, increasing 

estimated time in range (70–180 mg/dL) has a beneficial effect on 

preventing microvascular complications.30 

Dapagliflozin treatment has been assessed in a number of clinical trials 

in patients with T2D as monotherapy and in combination with insulin and 

other anti-diabetic therapies.4,5 Clinical trials evaluating dapagliflozin as 

adjunct to insulin therapy in patients with T1D have demonstrated that 

adjusted mean change in HbA1c is improved, body weight is decreased 

and daily insulin dose is reduced.64 Similar results were obtained with 

sotagliflozin in the inTandem trials and with empagliflozin in the EASE 

trial.6,8 As weight gain is a major problem in patients with T1D and often 

occurs in patients on intensive insulin treatment, the reduction in body 

weight with dapagliflozin is remarkable.

Dapagliflozin 5 mg is now indicated for the treatment of T1D in the EU. 

Nevertheless, it should be noted that in the EU, dapagliflozin is only 

approved for patients with T1D with a BMI ≥27 kg/m2, in whom insulin 

gives inadequate glycaemic control.36 A benefit–risk analysis in the 

subgroup of patients with a BMI ≥27 kg/m2 in the large-scale DEPICT-1 

and -2 studies showed that glycaemia and body weight decreased 

from baseline with dapagliflozin 5 mg compared with patients receiving 

placebo similarly to the total study population while reducing the risk for 

DKA by more than half. This population of overweight patients with T1D 

is increasing all over the world.1,65 Overweight and obese patients and 

those with latent autoimmune diabetes in adults should be considered 

for treatment with SGLT2 inhibitors as adjunctive therapy to insulin 

because of the low risk of DKA, although to date, no clinical trials have 

been initiated in latent autoimmune diabetes.66,67

Patients must be educated with respect to DKA and be able to 

recognize the symptoms and the situations that may increase 

the risk of this event. Dapagliflozin is generally well tolerated with  

ketone-related side effects being the most notable adverse events, 

but these are dose dependent and occur at a low frequency. However, 

treating patients with T1D with dapagliflozin 5 mg in a real-world setting 

will require close and permanent monitoring regarding adherence and 

compliance with the safety measures to avoid the occurrence of DKA. 

Long-term and prospectively collected data from greater numbers of 

patients in daily clinical practice will be needed to identify patients who 

will have the least risk for DKA but will have the maximum benefit.34 

In DEPICT-1 no increase in severe hypoglycaemia or in the overall 

incidence of hypoglycaemia was observed. In addition, urinary  

albumin-to-creatinine ratio was reduced in patients with albuminuria at 

baseline in the DEPICT clinical trials of dapagliflozin treatment, which 

suggests a putative renoprotective effect.55 

Finally, there is a potential for transferability of outcomes of SGLT2 

inhibition between T2D and T1D. The risk–benefit assessment to initiate 

an SGLT2 inhibitor in patients with T1D should include the broader 

knowledge of the positive effect beyond glucose control of reducing the 

risk of major cardiovascular and renal outcomes.68 

In summary, dapagliflozin addresses some of the unmet needs 

associated with T1D by improving glycaemic control with weight 

loss and without increasing hypoglycaemia, by reducing glycaemic 

variability. Genital infections were more frequent as seen in patients 

with T2D. DKA events were slightly increased but may be prevented 

by an adequate selection of patients and an appropriate mitigation 

education programme. Overall, the data collected from clinical trials, 

as well as considerable experience in treating patients with T2D with 

or without concomitant insulin treatment, indicate that the SGLT2 

inhibitors, in particular dapagliflozin, have a valuable current and 

future role in the successful management of T1D. 
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